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DETECT A FIRST FIDUCIAL MARKER LOCATED AT A
FIRST LOCATION WITHIN A BUILDING, WHEREIN THE 602
FIRST FIDUCIAL MARKER COMPRISES FIRST -
FIDUCIAL MARKER INFORMATION ASSOCIATED
WITH THE FIRST LOCATION

!

RETRIEVE THE FIRST FIDUCIAL MARKER — 604
INFORMATION FROM THE FIRST FIDUCIAL MARKER

'

GENERATE LOCALIZATION INFORMATION OF THE 606
SELF-DRIVING VEHICLE BASED ON THE FIRST [
FIDUCIAL MARKER INFORMATION

!

UTILIZE THE LOCALIZATION INFORMATION TO

TRANSITION TO A SECOND LOCATION WITHIN THE |~ 608

BUILDING, WHEREIN THE SECOND LOCATION
COMPRISES A SECOND FIDUCIAL MARKER
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1
INDOOR LOCALIZATION OF
AUTONOMOUS VEHICLES

TECHNICAL FIELD

This disclosure generally relates to systems and methods
for indoor localization of autonomous vehicles.

BACKGROUND

Localization is an important aspect of running autono-
mous vehicles in autonomous mode. Autonomous vehicles
are equipped with a sensor system to help perform local-
ization of these vehicles and to collect data relating to the
current and developing state of the vehicle’s surroundings.
The proper performance of a vehicle depends on the accu-
racy data collected by the sensors in the sensor system. The
sensor system may comprise visual spectrum cameras, laser-
ranging devices (LIDARs), thermal sensors, or other types
of sensors. The sensor system enables a vehicle to detect
objects and obstacles in the vicinity of the vehicle and tracks
the velocity and direction of pedestrians, other vehicles,
traffic lights, or similar objects in the environment around
the vehicle. In addition to sensing the vehicle’s surround-
ings, a vehicle relies on a global positioning system (GPS)
to determine its location while traveling on a road. However,
GPS signals may become unreliable because these signals
may be attenuated and scattered by roofs, walls, and other
objects. Additionally, Wi-Fi signals are prone to interference
in an indoor environment. Therefore, there is a need to
enhance the localization of autonomous vehicles where GPS
signals may become attenuated such as within indoor
spaces.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example environment of a vehicle, in
accordance with one or more example embodiments of the
present disclosure.

FIG. 2 depicts an illustrative schematic diagram for
indoor localization, in accordance with one or more example
embodiments of the present disclosure.

FIG. 3 depicts an illustrative schematic diagram for
indoor localization, in accordance with one or more example
embodiments of the present disclosure.

FIG. 4 depicts an illustrative schematic diagram for
indoor localization, in accordance with one or more example
embodiments of the present disclosure.

FIG. 5 depicts an illustrative schematic diagram for
indoor localization, in accordance with one or more example
embodiments of the present disclosure.

FIG. 6 illustrates a flow diagram of a process for an
illustrative indoor localization system, in accordance with
one or more example embodiments of the present disclosure.

FIG. 7 is a block diagram illustrating an example of a
computing device or computer system upon which any of
one or more techniques (e.g., methods) may be performed,
in accordance with one or more example embodiments of
the present disclosure.

Certain implementations will now be described more fully
below with reference to the accompanying drawings, in
which various implementations and/or aspects are shown.
However, various aspects may be implemented in many
different forms and should not be construed as limited to the
implementations set forth herein; rather, these implementa-
tions are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the
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disclosure to those skilled in the art. Like numbers in the
figures refer to like elements throughout. Hence, if a feature
is used across several drawings, the number used to identify
the feature in the drawing where the feature first appeared
will be used in later drawings.

DETAILED DESCRIPTION

Sensors may be located at various positions on an autono-
mous vehicle. These sensors may include LIDAR sensors,
stereo cameras, radar sensors, thermal sensors, or other
sensors attached to an autonomous vehicle. These sensors
may be originally used in a lab environment in order to
perform high precision analyses of their performance under
certain conditions. Autonomous vehicles may be driven in
the real-world and rely on the attached sensors to perform to
a certain performance level under environmental factors. As
the autonomous vehicles are driven in the real world, objects
may be detected and analyzed to permit the vehicle to
navigate in that environment using vehicle maps for the
environment the vehicle is operating in. Understanding the
movements of a vehicle using the collected data before
placing the vehicle in the real-world environment is an
important step in testing.

Localization is required in order to run autonomous
vehicles in autonomous mode. However, the process of
becoming localized (known as “bootstrapping™) does not
currently work in an indoor space as it requires a GPS signal
lock, which does not provide good location estimates
indoors. Indoor localization will aid future development as
well as enable new spaces for autonomous vehicles to
operate.

In order to make sense of the 3D space, the vehicle may
need to first collect data associated with 3D space using, for
example, LIDARs, radars, cameras, and/or other sensors.
The vehicle may use that data to determine its pose within
that 3D space. One technique that may be employed by the
vehicle is the use of transformation information that utilizes
transformation matrices to represent movements in the 3D
space. These transformation matrices describe the rotation
and translation of the vehicle with respect to another object.
In other words, the transformation matrices help the vehicle
determine how it is transformed with respect to another
object. In order to describe the vehicle in 3D space, its
rotation and translation around its own coordinate system
may need to be determined with respect to a reference
coordinate system. Having a coordinate system associated
with the vehicle gives a defined description when rotating
and translating the vehicle.

Example embodiments described herein provide certain
systems, methods, and devices for indoor localization.

Self-driving vehicles typically operate in a mapped area
that has been previously plotted and not in a completely new
area. A challenge may be for a vehicle to determine where
it is on a mapped area. That is one reason why it is important
to perform a process of localizing the vehicle in order to
determine where it is in space. The information that results
from localization not only include the location but also the
orientation of the vehicle. This information is crucial for the
vehicle to properly navigate its surrounding.

One of the challenges associated with localization is being
able to determine the pose (location and orientation) of the
vehicle even in an indistinguishable area. For example,
different floors of a parking garage, which typically are
indistinguishable from each other. GPS information can be
reliable on the outside of a building. However, in an indoor
environment, such as a parking garage or the like, GPS
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signals become weak and unreliable due to interference from
the building structure. Even if GPS information is good, the
issue arises from elevation determination (e.g., being on the
first floor or the second floor of a building). An indoor
localization system may also allow for autonomous move-
ment of the autonomous vehicle in and out of multi-level
garages/depots.

In one or more embodiments, an indoor localization
system may facilitate the use of one or more fiducial markers
at various locations of an indoor space. Continuing with the
example of a parking garage, a fiducial marker may be
programmed with various information that assists in local-
izing a self-driving vehicle in order to allow it to operate
within the parking garage. For example, a fiducial marker
may comprise, at least in part, GPS coordinate associated
with the building, orientation, and hyperlocal information
such as parking spaces, floor, or any other indicators. In
addition to the information captured in the fiducial marker,
an indoor localization system may determine a distance
between the vehicle and the fiducial marker using stereo
cameras in the vehicle. Other means of determining the
distance between the vehicle and the fiducial marker may be
used, such as IR, radar, LIDAR, or any other sensors capable
of determining such distance. When the vehicle detects and
decodes a fiducial marker, the vehicle may use the informa-
tion comprised in the fiducial marker and the distance to the
fiducial marker to estimate the pose of the vehicle to allow
it to move about the space in that area. A map associated
with the vehicle may help the vehicle determine a path using
the information captured from the fiducial marker. The
fiducial marker may be associated with a position that is
located on the map itself. The vehicle accesses the map in
order to determine information associated with the building
and also outside the building in the surrounding area (where
GPS information is available).

As an autonomous vehicle enters a building, localization
of this vehicle may be lost due to GPS information loss. A
fiducial marker at the entrance of the building and also at
various locations within the building may assist the vehicle
in navigating within the building (e.g., parking, etc.).

In one or more embodiments, an indoor localization
system may utilize various approaches to determine specific
features of an indoor space (e.g., a parking spot within a
parking garage at a specific floor). Some of these approaches
may include using Near Field detection models for detecting
lines on the ground. Another approach may be using a
secondary fiducial marker in front of parking spaces that
comprise information that may assist the vehicle, in con-
junction with the vehicle map, to navigate that space. It
should be understood that other devices on the vehicle may
also be used to detect and decode the information comprised
in the fiducial markers. A combination of sensors may be
used to help navigate the area. For example, a camera may
capture an image of the fiducial marker in order to decode
information from the fiducial marker and determine the
distance from the vehicle to the fiducial marker. In addition,
a radar and/or a LIDAR may be used in order to detect
objects within the vicinity of the vehicle in order to assist the
vehicle in navigating that space.

In one or more embodiments, the fiducial marker may be
encoded with a code that may be used by the vehicle to
understand its surroundings. For example, the vehicle may
detect and capture that code using a camera mounted on the
vehicle. The vehicle may decode that code to derive infor-
mation in the code that is useful for the vehicle to navigate
in the indoor space.
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In one or more embodiments, the code may be associated
with a lookup table stored in the vehicle’s computer system
or a remote server accessible by the vehicle. The table may
contain a plurality of entries associated with various codes
in various fiducial markers. The vehicle may determine a
specific entry within the table that is associated with the
captured code. The entry may contain relevant information
that may assist the vehicle in navigating the indoor space. It
should be understood that other means may be used to
retrieve information associated with a vehicle map using the
code encoded in the fiducial markers. Other methods may
include infrared spectrum as opposed to the visible spectrum
to understand the surroundings of the vehicle. Another
method may include using LIDAR to detect the reflectivity
of'a given surface to determine where the vehicle is located
on the vehicle map and to assist the vehicle in navigating the
indoor space.

In one or more embodiments, an indoor localization
system may maintain localization of an autonomous vehicle
when the vehicle enters indoor spaces, navigate these
spaces, or leave these spaces, where GPS signals are not
reliable.

In one or more embodiments, an autonomous vehicle may
detect a fiducial marker that may be located in a line of sight
of'a camera mounted on the vehicle. For example, a fiducial
marker may be placed at the entrance of an indoor space
(e.g., a parking garage, a warehouse, an enclosed structure,
or any other indoor space). Having a fiducial marker situated
at the entrance of such a building may assist the vehicle in
a smooth transition between the outdoor environment, where
GPS signals are reliable, and the indoor environment, where
GPS signals may become attenuated and unreliable.

In one or more embodiments, an indoor localization
system may facilitate a testing setup that comprises one or
more hardware and software components capable of detect-
ing and decoding a fiducial marker associated with an indoor
space that an autonomous vehicle may navigate in. The
purpose of the testing setup is to develop and test the
localization of a vehicle before being implemented in the
vehicle. An example of a testing setup may comprise a
camera device, a computer setup, one or more sensors
(LIDAR, radar, IR, etc.), and a mobile cart capable of
navigating the indoor space based on captured data associ-
ated with one or more fiducial markers.

In one or more embodiments, the fiducial marker may
provide data that is not just location information but may be
also encoded with known dimensions. The data may com-
prise transform information that can be captured and
decoded by the vehicle in order to determine the pose of the
vehicle with respect to known building coordinates in the
map. It should be understood that the pose of a vehicle is a
definition of the location and orientation of the vehicle in 3D
space relative to a mapped area. A fiducial marker may assist
the vehicle in knowing, for example, if the vehicle is facing
forward or backward at the location it is at. Also, transform
information comprises information associated with a 3D
representation such as transition matrices that are associated
with translation and rotation of an object.

In one or more embodiments, an indoor localization
system may facilitate using a fiducial marker linked to
information that assists an autonomous vehicle to navigate
around its indoor surroundings. Some of the information
may comprise general GPS location, floor, orientation, etc.,
and what floor the autonomous vehicle is located on. The
fiducial marker may be captured by one of the cameras on
the autonomous vehicle and would provide the necessary
boost of information to perform indoor bootstrapping and
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therefore, localization. A fiducial marker or fiducial may be
an object placed in the field of view of an imaging system
that appears in the image produced for use as a point of
reference and/or a measure. This fiducial may be either
placed into or on the imaging subject, or a mark or set of
marks in the reticle of an optical instrument.

In one or more embodiments, an indoor localization
system may allow for the testing of a test bench setups that
could benefit from running the entire stack (useful for
full-system debugging) without all hardware of an autono-
mous vehicle. The test bench setup may comprise one or
more sensors, a computer system, motors to move the test
bench setup based on information received from the fiducial,
and other components.

Some of the advantages of an indoor localization system
may include adding new boot up locations when required
such that they are not fixed on a map. For example, a new
building may be used as an indoor space for autonomous
vehicles by simply encoding one or more fiducial marks and
placing them throughout this new building. The autonomous
vehicle can detect and decode these fiducial marks in order
to properly navigate this new building. Further, rearrange-
ments of spaces within the new building may be feasible by
updating the fiducial marks with any of these rearrange-
ments. For example, parking lot rearrangement can occur
such that the fiducial marks may be updated to account for
the rearrangements.

The code could even provide additional metadata for
ambiguous LIDAR matching scenarios. Ambiguous LIDAR
matching scenarios may occur when spaces are the same but
on different floors. For example, each floor of a covered
parking building may look the same as another one in that
building such that a LIDAR provides ambiguous data since
it is not clear which floor the autonomous vehicle is on by
simply recognizing objects on that floor. A fiducial mark
may provide additional data such that the autonomous
vehicle will be able to determine where the fiducial mark is
physically located based on coordinate information that may
be encoded in the fiducial mark. The camera on the autono-
mous vehicle may capture that information and know
exactly where it is in the covered parking lot.

In one or more embodiments, a fiducial mark can provide
not just data but if it has known dimensions then it can also
send the transform information back to the camera of the
autonomous vehicle. This could provide an exact pose with
respect to some known building coordinates in the map. This
would reduce the bootstrap time. As explained before,
transforms or transformation information describes the rota-
tion and translation of the vehicle with respect to another
object. In other words, the transforms or transformation
information helps the vehicle determine how it is trans-
formed with respect to another object. In one or more
embodiments, a fiducial mark may need to be placed in a
location that may be visible by a vehicle. Further, the
fiducial mark should be free from debris or other material
that may hinder the camera from properly decoding the
fiducial mark. The fiducial marks should be kept at the same
location that corresponds to information that is encoded in
the fiducial mark.

The above descriptions are for purposes of illustration and
are not meant to be limiting. Numerous other examples,
configurations, processes, etc., may exist, some of which are
described in greater detail below. Example embodiments
will now be described with reference to the accompanying
figures.
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FIG. 1 illustrates example environment 100 of a vehicle
102, in accordance with one or more example embodiments
of the present disclosure.

The modern automobile may have many electronic con-
trol units (ECUs) for various subsystems. Some of these
subsystems may be used to provide proper operation of the
vehicle. Some examples of these subsystems may include a
braking subsystem, a cruise control subsystem, power win-
dows, and doors subsystem, battery charging subsystem for
hybrid and electric vehicles, or other vehicle subsystems.
Communications between the various subsystems is an
important feature of operating vehicles. A controller area
network (CAN) bus may be used to allow the subsystems to
communicate with each other. Such communications pro-
vide a wide range of safety, economic, and convenience
features to be implemented using software. For example,
sensor inputs from the various sensors around the vehicle
may be communicated between the various ECUs of the
vehicle via the CAN bus to perform actions that may the
essential to the performance of the vehicle. An example may
include auto lane assist and/or avoidance systems where
such sensor inputs are used by the CAN bus to communicate
these inputs to the driver-assist system such as lane depar-
ture warning, which in some situations may actuate breaking
active avoidance systems.

Referring to FIG. 1, there is shown a vehicle 102 having
a sensor system 110 for a plurality of cameras, emitters, and
sensors. The sensor system 110 may be connected to the
vehicle 102 (e.g., on top of the vehicle 102 as shown). In this
environment 100, there is shown that sensor system 110
includes cameras such as stereo cameras 125q and 12556. The
stereo cameras 125¢ and 1255 may capture images of
objects (e.g., object 152) in the vicinity and around the
vehicle 102. Other emitters and sensors in the sensor system
110 may transmit and/or receive one or more signals in order
to detect and/or capture information associated with objects
in the vicinity and around the vehicle 102. For example, a
LIDAR sensor may transmit a LIDAR signal (e.g., light or
an electromagnetic wave), a radar uses radio waves in order
to determine distances between the vehicle and objects in the
vicinity of the vehicle, and a thermal sensor may capture
temperature (e.g., based on an emitted and detected infrared
signal or other laser signals).

In one or more embodiments, the sensor system 110 may
include LIDAR 122. Some examples of a LIDAR such as
Geiger mode LIDAR, ground-based LIDAR, large footprint
LIDAR, small footprint LIDAR, or the like. The sensor
system 110 may include cameras 124 such as stereo cameras
that may capture images in the vicinity of the vehicle 102.
The sensor system 110 may include a thermal sensor 126,
such as thermistors, resistance temperature detectors, ther-
mocouples, semiconductors, or the like. Further, the sensor
system may include a radar 128, which may be any radar that
uses radio waves to capture data from objects surrounding
the vehicle 102. The sensor system 110 may also include one
or more processors 132. The one or more processors 132
may control the transmission and reception of signals using
the LIDAR 122, the cameras 124, the thermal sensor 126,
the radar 128, and the indoor localization 135. The various
sensors of the sensor system 110, when calibrated correctly,
should indicate a proper distance and shape of object 152. In
addition to detecting objects in the vicinity of the vehicle
102, the vehicle 102 relies on GPS signals coming from
satellite 140 in order to determine localization information.
The satellite 140 may transmit signals 141 and 142. Signal
141 may be received by the vehicle 102 while traveling on
a road in open space. However, if the vehicle 102 would
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enter building 143, which may be, for example, a multi-level
parking garage, the signal 142 may not fully penetrate the
building 143 to reach the vehicle 102. This may result in an
attenuated signal received by the vehicle 102 such that the
attenuated signal may not provide a reliable GPS signal for
the vehicle 102 to determine its location.

In one or more embodiments, one or more fiducial mark-
ers may be located at various locations of the building 143.
For example, fiducial marker 144 may be located at the
entrance of building 143 and may be programmed with
various information that assists in localizing the vehicle 102
in order to allow it to operate within the parking garage. For
example, the fiducial marker 144 and may comprise, at least
in part, GPS coordinate associated with the building, orien-
tation, and hyperlocal information such as parking spaces,
floor, or any other indicators. When the vehicle 102 detects
and decodes the fiducial marker 144, the vehicle may use the
information comprised in the fiducial marker and the dis-
tance to the fiducial marker to estimate the pose of the
vehicle to allow it to move within vehicle 143. A map
associated with the vehicle may help the vehicle determine
a path using the information captured from the fiducial
marker 144. It is understood that the above descriptions are
for purposes of illustration and are not meant to be limiting.

FIG. 2 depicts an illustrative schematic diagram 200 for
indoor localization, in accordance with one or more example
embodiments of the present disclosure.

Referring to FIG. 2, there is shown a vehicle 202 having
a mechanism to detect objects, in this example this mecha-
nism may be a camera 204. However, other mechanisms
may be employed in order to detect objects around the
vehicle 202. The vehicle 202 may be operating in an outdoor
location where GPS signals from satellite 210 may be
received by the vehicle 202. For example, signal 211 from
satellite 210 may be received by vehicle 202 and may be
used to determine a location on a map associated with the
vehicle 202. The vehicle 202 may be traveling to enter an
area that may have an attenuated GPS signal (e.g., moving
to an indoor location, or traveling within a dense location).
In order for the vehicle 202 to continue to properly operate
as it travels, the vehicle 204 may detect a fiducial marker 205
placed at a transition point (e.g., entering the building 201).
This fiducial marker 205 may comprise information that
may assist the vehicle 202 to determine that it needs to
transition from utilizing GPS signals to utilizing fiducial
markers placed within the building 201 while navigating in
the building 201.

The vehicle 202 may transition to the indoor space of
building 201, where building 201 may be comprised of one
or more floors. In an outdoor environment, the vehicle 202
may utilize GPS signals received from satellite 210 (e.g.,
signal 211). The vehicle 202 may utilize those GPS signals
to determine information associated with its location. How-
ever, when the vehicle 202 enters the building 201, the GPS
signals (e.g., signal 212) may become attenuated due to
concrete that encloses the building 201. In this example, a
portion (signal 216) of signal 212 may be deflected by the
roof of the building 201 and only an attenuated signal 214
of the signal 212 may enter the building 201. Although the
attenuated signal 214 may be received by the vehicle 202,
this attenuated signal 214 may not be reliable enough for the
vehicle 202 to perform localization.

In one or more embodiments, within the building 201,
there may be a plurality of fiducial markers (e.g., fiducial
marker 206) that may be placed strategically within the
environment that the vehicle 202 may be operating in. The
fiducial marker 206 may be placed for example on a struc-
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ture 208. The structure 208 may be a column, a wall, a floor,
an object, another vehicle, or any other surface that the
fiducial marker 206 may be placed on. The fiducial maker
206 may also be displayed on a display device, such as a
monitor or the like. The fiducial marker 206 may become in
the line of sight of the camera 204 as the vehicle 202 enters
building 201. It should be understood that there may be a
plurality of fiducial markers placed within the indoor space
of the building 201 such that each fiducial marker provides
specific information associated with the location that the
fiducial marker is placed at. The camera 204 may detect and
capture images associated with the fiducial marker 206. The
vehicle 202 may receive data associated with the images
captured of the fiducial marker 206 from the camera 204.
The vehicle 202 may process this data in order to extract the
type of information that may be programmed within the
fiducial marker 206. Further, the vehicle 202 may determine
its distance (e.g., distance d) and orientation to the fiducial
marker 206. It is understood that the above descriptions are
for purposes of illustration and are not meant to be limiting.

FIG. 3 depicts an illustrative schematic diagram 300 for
indoor localization, in accordance with one or more example
embodiments of the present disclosure.

Referring to FIG. 3, there is shown a fiducial mark 306
that may be placed in one or more locations corresponding
to information encoded inside the fiducial mark.

In one or more embodiments, the fiducial mark 306 may
be an object placed in the field of view of an imaging system
that appears in the image produced, for use as a point of
reference. This fiducial may be either placed on an object, in
the reticle of an optical instrument or may be displayed on
a monitor.

In the example of FIG. 3, various types of fiducial marks
are shown. However, it should be understood that other
fiducial marks may be used. Fiducial marks may comprise
QR code 310, bar code 311, shotcode 312, Aztec code 313,
or any other code that may be encoded with information.
Further, the fiducial code may be placed either on a column,
a wall, a floor, an object, another vehicle, or any other
surface that the fiducial marker may be placed on. The
fiducial maker may also be displayed on a display device,
such as a monitor or the like.

In one or more embodiments, some of the information that
may be encoded inside the fiducial mark 306 may include,
but not limited to, coordinate information, elevation, floor
number, map location, etc. It should be understood that the
information encoded in the fiducial marker is not limited to
the above example fiducial markers and that this may
depend on the implementation and the type of fiducial mark
used.

It is understood that the above descriptions are for pur-
poses of illustration and are not meant to be limiting.

FIG. 4 depicts an illustrative schematic diagram 400 for
indoor localization, in accordance with one or more example
embodiments of the present disclosure.

Referring to FIG. 4, there is shown a floor 401 of a
parking garage is shown as an example to illustrate the
mechanism for using a fiducial marker 408 that is placed on
a column of the floor 401. Vehicle 402 may comprise a
sensor system 404 that is mounted on the vehicle 402.
Although the sensor system 404 is shown to be mounted on
top of the vehicle 402, it should be understood that com-
prises any sensor that may be mounted anywhere on the
vehicle 402 (e.g., LIDAR, radar, cameras, IR, etc.) In
addition, a coordinate system 150 is shown for rotation and
translation around the three axes X, Y, and Z. The coordinate
system 150 may provide the pitch, roll, and yaw in order to
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determine the translation and orientation of an object. Other
coordinate systems that are consistent with the coordinate
system 150 may be associated with various objects within
floor 401. For example, the fiducial marker, the vehicle, and
a specific location on the floor 401 may have their own
coordinate system.

As explained above, the information that may be encoded
in the fiducial mark 408 may include, but not limited to,
coordinate information, elevation, floor number, map loca-
tion, etc. It should be understood that the information
encoded in the fiducial marker is not limited to the above
example fiducial markers and that this may depend on the
implementation and the type of fiducial mark used. Further,
the fiducial marker 408 may provide data that is not just
location information but may be also encoded with known
dimensions. The data may comprise transform information
that can be captured and decoded by the vehicle 402 in order
to provide the pose of the vehicle 402 with respect to known
building coordinates in the map. The fiducial marker 408
may assist the vehicle 402 in knowing for example if the
vehicle 402 is facing forward or backward at the location it
is at. Also, transform information comprises information
associated with a 3D representation such as transition matri-
ces that are associated with translation and rotation of an
object. For example, it is shown in FIG. 4 that the fiducial
marker 408 may be associated with a coordinate system 403
that indicates the orientation and translation (e.g., pose) of
the fiducial marker 408 relative to a map. Similarly, the
vehicle 402 may also be associated with a coordinate system
405 that indicates the pose of the vehicle 402 as the vehicle
402 moves around its surroundings on the floor 401. Also, in
FIG. 4, there is shown a plurality of parking spots that
vehicle 402 may want to park in. For example, a parking #4
is shown to be associated with a specific coordinate system
407. The fiducial marker 408 may comprise information that
could assist the vehicle 402 in parking in one of these
parking spots. For example, the fiducial marker 408 may
comprise the specific coordinates and the transform infor-
mation of the parking #4 with respect to other parking spots
and with respect to the floor 401. Knowing the transform
information of the parking #4 with respect to the fiducial
marker 408 transform information, the vehicle 402 may
deduce its pose relative to parking #4. That information
would assist vehicle 402 to park in parking #4 successfully.
In addition to transform information and other information
written are received from the fiducial marker 408, the
vehicle 402 may utilize other sensors that it is equipped with
in order to scan the surrounding and detect objects, lanes,
other cars, or any other obstacles or markers that it could use
in order to assist it in the successtul parking into parking #4.
For example, a LIDAR of vehicle 402 may be capable of
detecting the reflectiveness of lanes 410 and 411.

It is understood that the above descriptions are for pur-
poses of illustration and are not meant to be limiting.

FIG. 5 depicts an illustrative schematic diagram 500 for
indoor localization, in accordance with one or more example
embodiments of the present disclosure.

Referring to FIG. 5, there is shown a building 501 which
may be a generic multi-level parking garage or any multi-
level depot. A satellite system 540 may provide GPS infor-
mation through GPS signals transmitted to vehicles that
require location information. However as shown in FIG. 5,
the signals coming from the satellite system 540 may be
reflected off of the roof of the building 501, and only an
attenuated signal may go through. This renders the GPS
signals unreliable when location information is needed
within the building 501 on the various floors. Even if GPS
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signals were successfully received by the vehicle 502, an
issue arises from elevation determination (e.g., being on the
first floor versus being on the second floor of the building
501). An indoor localization system may allow for autono-
mous movement of the self-driving vehicle 502 on each
floor and in and out of the building 501.

Further, FIG. 5 shows a bootstrapping self-driving vehicle
502 that may be used to test the functionality of utilizing
fiducial markers within each floor in order to determine
information that may assist the bootstrapping self-driving
vehicle 502 to navigate within each floor and transition from
one floor to another. The purpose of the bootstrapping
self-driving vehicle is to test out these functionalities before
being introduced to autonomous vehicles.

Building 501 is shown to have four floors (floor 1, floor
2, floor 3, floor 4). Each of these floors may have its fiducial
markers that comprise information associated with that floor.
For example, floor 1 may have a marker A and another
marker B. These markers may be fiducial markers that
comprise information to the bootstrapping self-driving
vehicle 501 based on being in the line of sight with the
marker. The bootstrapping self-driving vehicle may navigate
on that floor based on information retrieved from marker A
and marker B. It should be understood that although only
two markers are shown in FIG. 5, any necessary number of
markers may be used such that the bootstrapping self-
driving vehicle 501 will have at least one marker in its line
of sight.

It is understood that the above descriptions are for pur-
poses of illustration and are not meant to be limiting.

FIG. 6 illustrates a flow diagram of process 600 for an
illustrative indoor localization system, in accordance with
one or more example embodiments of the present disclosure.

At block 602, a self-driving vehicle may detect a first
fiducial marker located at a first location within a building,
wherein the first fiducial marker comprises first fiducial
marker information associated with the first location. The
first fiducial marker comprises transform information asso-
ciated with known dimensions of the first fiducial marker.
The first fiducial marker is located in the line of sight of the
self-driving vehicle. The second fiducial marker is located in
the line of sight of the self-driving vehicle. The first fiducial
marker information comprises global positioning system
(GPS) information of the first location, a floor number of the
building, coordinates of the fiducial marker, elevation of the
fiducial marker, or a map location of the fiducial marker.

At block 604, the self-driving vehicle may retrieve the
first fiducial marker information from the first fiducial
marker.

At block 606, the self-driving vehicle may generate
localization information of the self-driving vehicle based on
the first fiducial marker information.

At block 608, the self-driving vehicle may utilize the
localization information to transition to a second location
within the building, wherein the second location comprises
a second fiducial marker.

The self-driving vehicle may retrieve the first fiducial
marker information comprises the processing circuitry fur-
ther configured to capture an image of the first fiducial
marker. The self-driving vehicle may analyze the image of
the first fiducial marker. The self-driving vehicle may
decode the first fiducial marker information of the first
fiducial marker. The self-driving vehicle may calculate a
distance from the self-driving vehicle to the first fiducial
marker. The self-driving vehicle may detect that the second
fiducial marker is moving away from the line of sight of the
self-driving vehicle as the self-driving vehicle transitions
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from the second location to a third location. The self-driving
vehicle may detect a third fiducial marker located at the
second location of the building, wherein the third fiducial
marker is in the line of sight of the self-driving vehicle, and
wherein the third fiducial marker comprises third fiducial
marker information associated with the second location.

It is understood that the above descriptions are for pur-
poses of illustration and are not meant to be limiting.

FIG. 7 is a block diagram illustrating an example of a
computing device or computer system 700 upon which any
of one or more techniques (e.g., methods) may be per-
formed, in accordance with one or more example embodi-
ments of the present disclosure.

For example, the computing system 700 of FIG. 7 may
represent the one or more processors 132 and/or the one or
more measurement devices of FIGS. 2A, 2B, and 3, and
therefore may assess and validate the sensors in the sensor
system 110 of FIG. 1. The computer system (system)
includes one or more processors 702-706. Processors 702-
706 may include one or more internal levels of cache (not
shown) and a bus controller (e.g., bus controller 722) or bus
interface (e.g., /O interface 720) unit to direct interaction
with the processor bus 712. An indoor localization device
709 may also be in communication with the Processors
702-706 and may be connected to the processor bus 712.

Processor bus 712, also known as the host bus or the front
side bus, may be used to couple the processors 702-706
and/or the indoor localization device 709 with the system
interface 724. System interface 724 may be connected to the
processor bus 712 to interface other components of the
system 700 with the processor bus 712. For example, system
interface 724 may include a memory controller 718 for
interfacing a main memory 716 with the processor bus 712.
The main memory 716 typically includes one or more
memory cards and a control circuit (not shown). System
interface 724 may also include an input/output (I/O) inter-
face 720 to interface one or more /O bridges 725 or /O
devices 730 with the processor bus 712. One or more /O
controllers and/or I/O devices may be connected with the
1/0 bus 726, such as 1/O controller 728 and 1/O device 730,
as illustrated.

1/O device 730 may also include an input device (not
shown), such as an alphanumeric input device, including
alphanumeric and other keys for communicating informa-
tion and/or command selections to the processors 702-706
and/or the indoor localization device 709. Another type of
user input device includes cursor control, such as a mouse,
a trackball, or cursor direction keys for communicating
direction information and command selections to the pro-
cessors 702-706 and/or the indoor localization device 709
and for controlling cursor movement on the display device.

System 700 may include a dynamic storage device,
referred to as main memory 716, or a random access
memory (RAM) or other computer-readable devices coupled
to the processor bus 712 for storing information and instruc-
tions to be executed by the processors 702-706 and/or the
indoor localization device 709. Main memory 716 also may
be used for storing temporary variables or other intermediate
information during execution of instructions by the proces-
sors 702-706 and/or the indoor localization device 709.
System 700 may include read-only memory (ROM) and/or
other static storage device coupled to the processor bus 712
for storing static information and instructions for the pro-
cessors 702-706 and/or the indoor localization device 709.
The system outlined in FIG. 7 is but one possible example
of a computer system that may employ or be configured in
accordance with aspects of the present disclosure.
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According to one embodiment, the above techniques may
be performed by computer system 700 in response to
processor 704 executing one or more sequences of one or
more instructions contained in main memory 716. These
instructions may be read into main memory 716 from
another machine-readable medium, such as a storage device.
Execution of the sequences of instructions contained in main
memory 716 may cause processors 702-706 and/or the
indoor localization device 709 to perform the process steps
described herein. In alternative embodiments, circuitry may
be used in place of or in combination with the software
instructions. Thus, embodiments of the present disclosure
may include both hardware and software components.

The processors 702-706 and/or the indoor localization
device 709 may facilitate the use of one or more fiducial
markers at various locations of an indoor space. Continuing
with the example of a parking garage, a fiducial marker may
be programmed with various information that assists in
localizing a self-driving vehicle in order to allow it to
operate within the parking garage. For example, a fiducial
marker may comprise, at least in part, GPS coordinate
associated with the building, orientation, and hyperlocal
information such as parking spaces, floor, or any other
indicators. In addition to the information captured in the
fiducial marker, an indoor localization system may deter-
mine a distance between the vehicle and the fiducial marker
using stereo cameras in the vehicle. Other means of deter-
mining the distance between the vehicle and the fiducial
marker may be used, such as IR, radar, LIDAR, or any other
sensors capable of determining such distance. When the
vehicle detects and decodes a fiducial marker, the vehicle
may use the information comprised in the fiducial marker
and the distance to the fiducial marker to estimate the pose
of'the vehicle to allow it to move about the space in that area.
A map associated with the vehicle may help the vehicle
determine a path using the information captured from the
fiducial marker. The fiducial marker may be associated with
a position that is located on the map itself. The vehicle
accesses the map in order to determine information associ-
ated with the building and also outside the building in the
surrounding area (where GPS information is available).

Various embodiments may be implemented fully or par-
tially in software and/or firmware. This software and/or
firmware may take the form of instructions contained in or
on a non-transitory computer-readable storage medium.
Those instructions may then be read and executed by one or
more processors to enable the performance of the operations
described herein. The instructions may be in any suitable
form, such as, but not limited to, source code, compiled
code, interpreted code, executable code, static code,
dynamic code, and the like. Such a computer-readable
medium may include any tangible non-transitory medium
for storing information in a form readable by one or more
computers, such as but not limited to read-only memory
(ROM); random access memory (RAM); magnetic disk
storage media; optical storage media; a flash memory, etc.

A machine-readable medium includes any mechanism for
storing or transmitting information in a form (e.g., software,
processing application) readable by a machine (e.g., a com-
puter). Such media may take the form of, but is not limited
to, non-volatile media and volatile media and may include
removable data storage media, non-removable data storage
media, and/or external storage devices made available via a
wired or wireless network architecture with such computer
program products, including one or more database manage-
ment products, web server products, application server prod-
ucts, and/or other additional software components.
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Examples of removable data storage media include Compact
Disc Read-Only Memory (CD-ROM), Digital Versatile Disc
Read-Only Memory (DVD-ROM), magneto-optical disks,
flash drives, and the like. Examples of non-removable data
storage media include internal magnetic hard disks, SSDs,
and the like. The one or more memory devices 606 (not
shown) may include volatile memory (e.g., dynamic random
access memory (DRAM), static random access memory
(SRAM), etc.) and/or non-volatile memory (e.g., read-only
memory (ROM), flash memory, etc.).

Computer program products containing mechanisms to
effectuate the systems and methods in accordance with the
presently described technology may reside in main memory
716, which may be referred to as machine-readable media.
It will be appreciated that machine-readable media may
include any tangible non-transitory medium that is capable
of storing or encoding instructions to perform any one or
more of the operations of the present disclosure for execu-
tion by a machine or that is capable of storing or encoding
data structures and/or modules utilized by or associated with
such instructions. Machine-readable media may include a
single medium or multiple media (e.g., a centralized or
distributed database, and/or associated caches and servers)
that store the one or more executable instructions or data
structures.

A system of one or more computers can be configured to
perform particular operations or actions by virtue of having
software, firmware, hardware, or a combination of them
installed on the system that in operation causes or cause the
system to perform the actions. One or more computer
programs can be configured to perform particular operations
or actions by virtue of including instructions that, when
executed by data processing apparatus, cause the apparatus
to perform the actions. One general aspect includes a self-
driving vehicle. The self-driving vehicle also includes detect
a first fiducial marker located at a first location within a
building, where the first fiducial marker includes first fidu-
cial marker information associated with the first location;
retrieve the first fiducial marker information from the first
fiducial marker. The self-driving vehicle also includes gen-
erate localization information of the self-driving vehicle
based on the first fiducial marker information. The self-
driving vehicle also includes utilize the localization infor-
mation to transition to a second location within the building,
where the second location includes a second fiducial marker.
Other embodiments of this aspect include corresponding
computer systems, apparatus, and computer programs
recorded on one or more computer storage devices, each
configured to perform the actions of the methods.

Implementations may include one or more of the follow-
ing features. The self-driving vehicle where the first fiducial
marker includes transform information associated with
known dimensions of the first fiducial marker. The first
fiducial marker is located in the line of sight of the self-
driving vehicle The second fiducial marker is located in the
line of sight of the self-driving vehicle. The first fiducial
marker information includes global positioning system
(GPS) information of the first location, a floor number of the
building, coordinates of the fiducial marker, elevation of the
fiducial marker, or a map location of the fiducial marker.
Retrieving the first fiducial marker information includes the
processing circuitry further configured to: capture an image
of the first fiducial marker; analyze the image of the first
fiducial marker; and decode the first fiducial marker infor-
mation of the first fiducial marker. The processing circuitry
is further configured to calculate a distance from the self-
driving vehicle to the first fiducial marker. The processing
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circuitry is further configured to: detect that the second
fiducial marker is moving away from the line of sight of the
self-driving vehicle as the self-driving vehicle transitions
from the second location to a third location; detect a third
fiducial marker located at the second location of the build-
ing, where the third fiducial marker is in the line of sight of
the self-driving vehicle, and where the third fiducial marker
includes third fiducial marker information associated with
the second location. Implementations of the described tech-
niques may include hardware, a method or process, or
computer software on a computer-accessible medium.

One general aspect includes a method. The method also
includes detecting, by one or more processors of a self-
driving vehicle, a first fiducial marker located at a first
location within a building, where the first fiducial marker
includes first fiducial marker information associated with the
first location; retrieving the first fiducial marker information
from the first fiducial marker. The method also includes
generating localization information of the self-driving
vehicle based on the first fiducial marker information. The
method also includes utilizing the localization information
to transition to a second location within the building, where
the second location includes a second fiducial marker. Other
embodiments of this aspect include corresponding computer
systems, apparatus, and computer programs recorded on one
or more computer storage devices, each configured to per-
form the actions of the methods.

Implementations may include one or more of the follow-
ing features. The method where the first fiducial marker
includes transform information associated with known
dimensions of the first fiducial marker. The first fiducial
marker is located in the line of sight of the self-driving
vehicle The second fiducial marker is located in the line of
sight of the self-driving vehicle. The first fiducial marker
information includes global positioning system (GPS) infor-
mation of the first location, a floor number of the building,
coordinates of the fiducial marker, elevation of the fiducial
marker, or a map location of the fiducial marker. Retrieving
the first fiducial marker information includes: capturing an
image of the first fiducial marker; analyzing the image of the
first fiducial marker; and decoding the first fiducial marker
information of the first fiducial marker. The method further
including calculate a distance from the self-driving vehicle
to the first fiducial marker. The third fiducial marker is in the
line of sight of the self-driving vehicle, and where the third
fiducial marker includes third fiducial marker information
associated with the second location. Implementations of the
described techniques may include hardware, a method or
process, or computer software on a computer-accessible
medium.

One general aspect includes a non-transitory computer-
readable medium storing computer-executable instructions
which when executed by one or more processors of a
self-driving vehicle result in performing operations. The
non-transitory computer-readable medium storing com-
puter-executable instructions also includes detecting a first
fiducial marker located at a first location within a building,
where the first fiducial marker includes first fiducial marker
information associated with the first location; retrieving the
first fiducial marker information from the first fiducial
marker. The non-transitory computer-readable medium stor-
ing computer-executable instructions also includes generat-
ing localization information of the self-driving vehicle based
on the first fiducial marker information. The non-transitory
computer-readable medium storing computer-executable
instructions also includes utilizing the localization informa-
tion to transition to a second location within the building,
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where the second location includes a second fiducial marker.
Other embodiments of this aspect include corresponding
computer systems, apparatus, and computer programs
recorded on one or more computer storage devices, each
configured to perform the actions of the methods.

Implementations may include one or more of the follow-
ing features. The non-transitory computer-readable medium
where the first fiducial marker includes transform informa-
tion associated with known dimensions of the first fiducial
marker. The first fiducial marker is located in the line of sight
of the self-driving vehicle The second fiducial marker is
located in the line of sight of the self-driving vehicle.
Implementations of the described techniques may include
hardware, a method or process, or computer software on a
computer-accessible medium.

Embodiments of the present disclosure include various
steps, which are described in this specification. The steps
may be performed by hardware components or may be
embodied in machine-executable instructions, which may be
used to cause a general-purpose or special-purpose proces-
sor programmed with the instructions to perform the steps.
Alternatively, the steps may be performed by a combination
of hardware, software, and/or firmware.

Various modifications and additions can be made to the
exemplary embodiments discussed without departing from
the scope of the present invention. For example, while the
embodiments described above refer to particular features,
the scope of this invention also includes embodiments
having different combinations of features and embodiments
that do not include all of the described features. Accordingly,
the scope of the present invention is intended to embrace all
such alternatives, modifications, and variations together
with all equivalents thereof.

The operations and processes described and shown above
may be carried out or performed in any suitable order as
desired in various implementations. Additionally, in certain
implementations, at least a portion of the operations may be
carried out in parallel. Furthermore, in certain implementa-
tions, less than or more than the operations described may be
performed.

The word “exemplary” is used herein to mean “serving as
an example, instance, or illustration.” Any embodiment
described herein as “exemplary” is not necessarily to be
construed as preferred or advantageous over other embodi-
ments.

As used herein, unless otherwise specified, the use of the
ordinal adjectives “first,” “second,” “third,” etc., to describe
a common object, merely indicates that different instances of
like objects are being referred to and are not intended to
imply that the objects so described must be in a given
sequence, either temporally, spatially, in ranking, or any
other manner.

It is understood that the above descriptions are for pur-
poses of illustration and are not meant to be limiting.

Although specific embodiments of the disclosure have
been described, one of ordinary skill in the art will recognize
that numerous other modifications and alternative embodi-
ments are within the scope of the disclosure. For example,
any of the functionality and/or processing capabilities
described with respect to a particular device or component
may be performed by any other device or component.
Further, while various illustrative implementations and
architectures have been described in accordance with
embodiments of the disclosure, one of ordinary skill in the
art will appreciate that numerous other modifications to the
illustrative implementations and architectures described
herein are also within the scope of this disclosure.
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Although embodiments have been described in language
specific to structural features and/or methodological acts, it
is to be understood that the disclosure is not necessarily
limited to the specific features or acts described. Rather, the
specific features and acts are disclosed as illustrative forms
of implementing the embodiments. Conditional language,
such as, among others, “can,” “could,” “might,” or “may,”
unless specifically stated otherwise, or otherwise understood
within the context as used, is generally intended to convey
that certain embodiments could include, while other
embodiments do not include, certain features, elements,
and/or steps. Thus, such conditional language is not gener-
ally intended to imply that features, elements, and/or steps
are in any way required for one or more embodiments or that
one or more embodiments necessarily include logic for
deciding, with or without user input or prompting, whether
these features, elements, and/or steps are included or are to
be performed in any particular embodiment.

What is claimed is:

1. A self-driving vehicle, the self-driving vehicle com-
prising processing circuitry coupled to storage and a sensor
system, the processing circuitry configured to:

detect, using a camera of the sensor system, a transitional

fiducial marker located at a transition point correspond-
ing to a building;

transition the processing circuitry from utilizing global

positioning system (GPS) signals to utilizing one or
more fiducial markers placed within the building for
in-building navigation, using information retrieved
from the transitional fiducial marker;

detect, using the camera of the sensor system, a first

fiducial marker of the one more fiducial markers,
wherein the first fiducial marker is located at a first
location within the building;

retrieve, from the first fiducial marker, first fiducial

marker information associated with the first location
and transform information associated with a second
location corresponding to a second fiducial marker of
the one more fiducial markers, wherein the transform
information is used by the self-driving vehicle to deter-
mine its pose relative to the second location;

generate localization information of the self-driving

vehicle based on the first fiducial marker information;
and

transition the self-driving vehicle to the second location

within the building based on the localization informa-
tion and the transform information.

2. The self-driving vehicle of claim 1, wherein the trans-
form information includes transformation matrices that
describe rotation and translation of the self-driving vehicle
with respect to the second location.

3. The self-driving vehicle of claim 1, wherein the first
fiducial marker is located in the line of sight of the self-
driving vehicle.

4. The self-driving vehicle of claim 1, wherein the second
fiducial marker is located in the line of sight of the self-
driving vehicle.

5. The self-driving vehicle of claim 1, wherein the first
fiducial marker information comprises global positioning
system (GPS) information of the first location, a floor
number of the building, coordinates of the fiducial marker,
elevation of the fiducial marker, or a map location of the
fiducial marker.

6. The self-driving vehicle of claim 1, wherein retrieving
the first fiducial marker information comprises the process-
ing circuitry further configured to:

capture an image of the first fiducial marker;
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analyze the image of the first fiducial marker; and

decode the first fiducial marker information of the first

fiducial marker.

7. The self-driving vehicle of claim 1, wherein the pro-
cessing circuitry is further configured to calculate a distance
from the self-driving vehicle to the first fiducial marker.

8. The self-driving vehicle of claim 1, wherein the pro-
cessing circuitry is further configured to:

detect that the second fiducial marker is moving away

from the line of sight of the self-driving vehicle as the 10

self-driving vehicle transitions from the second loca-
tion to a third location;
detect a third fiducial marker of the one more fiducial
markers located at the second location of the building,
wherein the third fiducial marker is in the line of sight
of the self-driving vehicle, and wherein the third fidu-
cial marker comprises third fiducial marker information
associated with the second location.
9. A method comprising:
detecting, using a camera of a sensor system of a self-
driving vehicle, a transitional fiducial marker located at
a transition point corresponding to a building;

transitioning a processing circuitry of the self-driving
vehicle from utilizing global positioning system (GPS)
signals to utilizing one or more fiducial markers placed
within the building for in-building navigation, using
information retrieved from the transitional fiducial
marker;
detecting, using the camera of the sensor system of the
self-driving vehicle, a first fiducial marker of the one
more fiducial markers, wherein the first fiducial marker
is located at a first location within the building;

retrieving, from the first fiducial marker, first fiducial
marker information associated with the first location
and transform information associated with a second
location corresponding to a second fiducial marker of
the one more fiducial markers, wherein the transform
information is used by the self-driving vehicle to deter-
mine its pose relative to the second location;

generating localization information of the self-driving
vehicle based on the first fiducial marker information;
and

transition the self-driving vehicle to the second location

within the building based on the localization informa-
tion and the transform information.

10. The method of claim 9, wherein the transform infor-
mation includes transformation matrices that describe rota-
tion and translation of the self-driving vehicle with respect
to the second location.

11. The method of claim 9, wherein the first fiducial
marker is located in the line of sight of the self-driving
vehicle.

12. The method of claim 9, wherein the second fiducial
marker is located in the line of sight of the self-driving
vehicle.

13. The method of claim 9, wherein the first fiducial
marker information comprises global positioning system
(GPS) information of the first location, a floor number of the
building, coordinates of the fiducial marker, elevation of the
fiducial marker, or a map location of the fiducial marker.

14. The method of claim 9, wherein retrieving the first
fiducial marker information comprises:
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capturing an image of the first fiducial marker;

analyzing the image of the first fiducial marker; and

decoding the first fiducial marker information of the first
fiducial marker.

15. The method of claim 9, further comprising calculate
a distance from the self-driving vehicle to the first fiducial
marker.

16. The method of claim 9, further comprising:

detecting that the second fiducial marker is moving away

from the line of sight of the self-driving vehicle as the
self-driving vehicle transitions from the second loca-
tion to a third location;

detecting a third fiducial marker of the one more fiducial

markers located at the second location of the building,
wherein the third fiducial marker is in the line of sight
of the self-driving vehicle, and wherein the third fidu-
cial marker comprises third fiducial marker information
associated with the second location.

17. A non-transitory computer-readable medium storing
computer-executable instructions which when executed by
one or more processors of a self-driving vehicle result in
performing operations comprising:

detecting, using a camera of a sensor system of the

self-driving vehicle, a transitional fiducial marker
located at a transition point corresponding to a build-
ing;
transitioning a processing circuitry of the self-driving
vehicle from utilizing global positioning system (GPS)
signals to utilizing one or more fiducial markers placed
within the building for in-building navigation, using
information retrieved from the transitional fiducial
marker;
detecting, using the camera of the sensor system of the
self-driving vehicle, a first fiducial marker of the one
more fiducial markers, wherein the first fiducial marker
is located at a first location within the building;

retrieving, from the first fiducial marker, first fiducial
marker information associated with the first location
and transform information associated with a second
location corresponding to a second fiducial marker of
the one more fiducial markers, wherein the transform
information is used by the self-driving vehicle to deter-
mine its pose relative to the second location;

generating localization information of the self-driving
vehicle based on the first fiducial marker information;
and

transition the self-driving vehicle to the second location

within the building based on the localization informa-
tion and the transform information.

18. The non-transitory computer-readable medium of
claim 17, wherein the transform information includes trans-
formation matrices that describe rotation and translation of
the self-driving vehicle with respect to the second location.

19. The non-transitory computer-readable medium of
claim 17, wherein the first fiducial marker is located in the
line of sight of the self-driving vehicle.

20. The non-transitory computer-readable medium of
claim 17, wherein the second fiducial marker is located in
the line of sight of the self-driving vehicle.
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